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ABSTRACT

The Watauga northern red oak (NRO){Quercus rubra L.) seed orchard was

established in 1987 by the USDA Forest Service in Johnson County, TN. Originally
a genetic test of 220 open-pollinated families, these trees now serve as a seed source
for oak reforestation efforts.

Acorn production in the seed orchard has been partially limited due to
premature abscission of flowers and immature acorns. The cause of this production
loss is unknown, although canopy-dwelling insects have been implicated.
To better understand the insect conununities existing in the canopy of the seed
orchard, a two-year insect diversity study was conducted in 1992 and 1993. The

crowns of 20 trees in five genetic families were sampled for insects approximately
every two weeks from March to November. Adult insect populations collected on
each NRO family were analyzed statistically for significant differences.

In the two years, 26,536 adult insect specimens were collected, representing
15 orders. Within these orders, 143 families and 541 species have been identified (as

of 12/1/94). These numbers suggest a diverse, well-established insect community
within the seed orchard.

Of the insects collected, the Asiatic oak weevil (Cyrtepistomus castaneus
Roelofs) was the most abundant species, composing 25% of all specimens collected.
Other important pests found in the seed orchard were acom weevils in the genus
Curculio and Platycotis vittata P., an oak treehopper.

Ill

The overall insect communities collected from each NRO genetic family did
not differ significantly. But significant differences were found in populations of
certain pest species among NRO families. These variations indicate that genetic
differences among NRO families do have an effect on pest populations.
Based on these comparisons, and other factors such as acorn production, NRO
families suitable for use in reforestation efforts were identified. NRO Family #200,

originating in Limestone Co., AL, demonstrated the most potential for use in the
regeneration and reforestation of NRO in the southern Appalachians.
This research has uncovered a very diverse insect community in the canopy of
an eastern Tennessee NRO seed orchard. Of these insect species, relatively few (ca.

8%) are pests on the trees. These pest populations did differ among the NRO
families, suggesting that NRO genetics influence pest densities. Further research is
needed to determine how these insect pests affect the trees and how NRO genetics
affect the pests.
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CHAPTER I

INTRODUCTION

Most oaks belong to the genus Quercus, which contains approximately 500

species worldwide (Bonner and Vozzo 1987, Johnson 1973, Smith 1993). In North
America, 79 native species of oak exist(Ammon et al. 1989) and are the most

important hardwood resource in the United States (Dormer and Vozzo 1987, Quigley
1971, Smith 1993, Solomon et al. 1987, Wright 1986). Known for their beautiful
veneer furniture, flooring, and other products, oaks are also considered valuable in
terms of aesthetics, watershed management, recreation, and wildlife (Smith 1993,
Solomon et al. 1987). The name Quercus itself relates the worthy nature of the tree,

derived from the Celtic Quer meaning "fine" and cuex meaning "tree" (Bermett 1971,
Little 1979).

As the largest genus of native trees in the United States (Little 1979), Quercus
is a significant component of many of the major forest types in the central and eastern
states (Bonner and Vozzo 1987, Johnson 1992). In the eastern states, the oak-hickory
forest type dominates the forest landscape, covering more than 46 million ha (Johnson

1992, Quigley 1971). Along with oak-pine, these two forest types occupy

approximately 38% of the forest lands in this region (Miller and Lamb 1985, Quigley
1971).

Twenty oak species are considered to be commercially important timber trees
and account for one-third of the hardwood sawtimber volume in the United States

(Quigley 1971, Solomon et al. 1987). Approximately 90% of this oak volume is
found in the eastern half of the country (Quigley 1971) and more than 50% of the
annual cut comes from the southern states (Solomon et al. 1987).
Northern red oak (NRO)(Quercus rubra L.) is the largest of the eastern

upland oaks and among the most important of the northern hardwood species (Core

1971). Widely distributed, NRO ranges farther north than any other upland oak, to
New Brunswick, southern Ontario, and Minnesota, and south to Alabama and Georgia
(Figure 1)(Core 1971, Miller and Lamb 1985). Also known as red oak, gray oak,
eastern red oak, and mountain red oak, NRO can develop a clean bole and grow to be
21 to 30 m in height and 0.6 to 0.9 m in diameter (Core 1971, Miller and Lamb
1985).

In the southern Appalachians, NRO is one of the most economically important

sawtimber species (Loftis 1993). Its excellent wood quality and relatively rapid
diameter growth make this species valuable to the timber industry (Loftis 1993). A

single red oak tree can range up to 5000 dollars/thousand board feet (Hopper 1991).
Typically, NRO begins to fruit at about 25 years of age, producing good seed

crops every 2 to 5 years (Core 1971, Sork et al. 1993). Staminate and pistillate
flowers develop in great abundance every year in April and May, about the time

u>

Figure 1. Geographic range of northern red oak in the United States (modified from Miller and Lamb 1985).

new leaves unfold (Core 1971, Olson and Boyce 1971). Acoms develop only from
fertilized flowers, which are pollinated by wind and air currents (Olson and Boyce
1971). Requiring two years to mature, acoms ripen in September and October (Core
1971) and fall to the ground by the middle of November (Beck and Olson 1968).
These mature acoms remain dormant throughout the winter months and germinate in
the leaf litter during the following spring months (Johnson 1973).
Acoms, or oak mast, have nutritional qualities important to forest-dwelling
wildlife (Miller and Lamb 1985). Rich in fat and carbohydrates, acoms are

consumed by nearly 200 species of forest wildlife in the eastem United States,

including wild turkey, white-tailed deer, and black bear (Beck 1993, Miller and Lamb
1985). In Missouri, Dellinger (1970) found acoms to comprise 37 and 54% of the

year-long diets of wild turkeys and deer, respectively. Goodmm and coworkers
(1971) suggest that acom crops help to regulate wildlife reproduction, survival, and
population size.

NRO is particularly important as a wildlife food source due to its relatively
large acoms (1.2 to 2.5 cm long) and reliability as a prolific mast producer

(Anonymous 1990a, Miller and Lamb 1985). A seven-year study of oak species in
northem Georgia and westem North Carolina found NRO to produce more acoms
than black, white, and chestnut oaks (Downs 1949). White-tailed deer have been

reported to prefer the larger NRO acoms over other oak mast (Miller and Lamb
1985).

Oaks are also important to wildlife for reasons other than mast production.

Oak trees provide cover for many animals, including den and nest sites for squirrels
and songbirds (Cantrell et al. 1994). Oak twigs and foliage also serve as a food
source for browsing animals like the white-tailed deer (Miller and Lamb 1985, Shaw
1971).

Due to its importance to eastern wildlife and its value as hardwood timber,

NRO has been extensively studied in nearly every state in which it is found (Cech
1971, Clark 1993). Recent research has focussed on maintaining NRO in the forest

ecosystem. Much of this work is a result of serious concerns surrounding various
menaces that threaten to reduce this valuable species as a component of upland
hardwood forests.

The threats to NRO in the United States range from numerous insect pests and

diseases to pollutants (Solomon et al. 1987). These agents cause a decline in the
health of the trees, reduce the number of viable acorns produced, and hamper the

regeneration of new seedlings (Solomon et al. 1987).
More than 1,000 insect species are associated with oaks (Metcalf and Metcalf

1993). Although not all of these insects are considered to be pest species, several
native and exotic insects present significant threats to the overall health of oaks in the

eastern United States. These pests can cause extensive damage, massive mortality,

and alter entire forest ecosystems (Campbell and Schlarbaum 1994), resulting in
billions of dollars in lost revenue annually (Pimentel 1986).

Defoliators are now considered the most serious insect enemies of oaks

(Rexrode 1971). In Pennsylvania, 23 insect species are associated with oak

defoliation (Nichols 1968). These insects can cause extensive problems by destroying
the food-producing leaves. This deprivation of nutrients adversely affects tree growth
and vigor (Miller and Lamb 1985, Rexrode 1971). On NRG, Heichel and Turner

(1984) reported a reduction in branch growth and leaf production following three
years of simulated insect defoliation. Nichols (1968) showed that two consecutive

years of 60 to 100% spring defoliation or three years of severe defoliation causes
mortality. Defoliation can also limit acorn production due to a loss of flowers and
developing acorns (Ghent 1994).
The gypsy moth (Lymantria dispar L.) has surpassed the oak leaftier {Croesia
semipurpurana Kearfott) as the most important defoliator of red oaks in the eastern

United States (Anonymous 1985, Miller and Lamb 1985, Rexrode 1971). Although
gypsy moth larvae feed on more than 300 species of trees and shrubs, NRG is a
preferred host plant (Ghent 1994, Leonard 1981).

Since its accidental introduction into Massachusetts in 1869, the gypsy moth
has spread throughout the northeastern United States, infesting approximately 50
million ha of hardwood forests in 14 states by 1991 (Anonymous 1990b, Campbell

and Schlarbaum 1994). Since 1983, the larvae of this species have completely
defoliated more than 16 million ha, of which 5 million ha are defoliated every year

(Ghent 1994, Grace 1986). Most efforts to suppress the movement of this exotic pest
have had little success (Ghent 1994, Grace 1986).

Repeated defoliations, by the gypsy moth and other phytophagous insects,
weaken the condition of the trees, causing them to be more susceptible to disease and
secondary insects, such as wood borers (Miller and Lamb 1985). At least 30 species
of wood borers attack living or recently killed oaks in the Appalachians (Rexrode

1971). Important species include the Columbian timber beetle (Corthylus columbianus
Hopkins), red oak borer (Enaphalodes rufulus Haldeman), and carpenterworm

(Prionoxystus robiniae Peck). Red oak species are especially vulnerable to borers
because the actively-conducting portions of xylem and phloem tissues are relatively
thin, making them more vulnerable to girdling (Haack and Benjamin 1982). Since
these insects cause defect and degrade amounting to an annual loss of millions of
dollars (Solomon et al. 1987), wood borers are considered to be the most
economically important insect pests (Rexrode 1971).

Insect pests can also harm oaks by introducing diseases. Defoliating and
boring insects have both been implicated as initiators of oak decline (Ammon et al.
1989, Oak 1994, Starkey and Brown 1986). Defmed by Ammon et al. (1989) as "a
highly variable complex of adverse environmental factors and organisms of secondary
action, which have been implicated in the death of many oaks," oak decline and
mortality have recently become a serious problem of dominant and codominant oaks

in the southeastern states (Ammon et al. 1989, Starkey and Brown 1986). In this

region, approximately 1.6 million ha of upland oak forest types are afflicted (Oak
1994), making oak decline the most common and widespread disease complex of
Quercus (Starkey and Oak 1988).

Species in the red oak group are more susceptible to decline than the white
oaks (Oak 1994, Starkey and Oak 1988). In a 1986 study on oak decline in 13
southeastern states, Forest Pest Management officials with the USDA Forest Service
found that more than 50% of the red oaks surveyed were impacted or dead due to
decline. In regards to NRO, 40% of all trees were impacted or dead (Starkey and
Brown 1986). Another study surveying nine eastern states found 80% of the trees
were dead or in decline. Of the NRO surveyed, 91.5% were affected, with 39% dead
or in advanced decline (Starkey and Oak 1988).

Although not all researchers agree that insects play a primary role in initiating
decline, most authors believe them to be at least secondary factors (Ammon et al.
1989). Particular insects believed to be major influences are gypsy moth, oak
leaftier, fruit-tree leaf roller {Archips argyropsilus Walker), elm spanworm (Ennomos

subsignarius Hiibner), and two-lined chestnut borer {Agrilus bilineatus Weber)
(Ammon et al. 1989).

Oak wilt, although not as widespread as oak decline, is the most serious
disease now affecting eastern oaks. This highly destructive vascular disease is caused
by the fungus Ceratocystis fagacearum (Bretz) Hunt (Gillespie 1971, Miller and Lamb
1985). First described in Wisconsin in the early 1940's, this disease is quickly

expanding its range to the south and east, resulting in rapid mortality and heavy
economic losses (Miller and Lamb 1985). Again, red oaks are more susceptible than
other oaks and once infected usually caimot be saved (Gillespie 1971). Sap-feeding
beetles in the family Nitidulidae and possibly oak bark borers in the genus
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Pseudopityophthorus are the primary disseminators (Gillespie 1971). Natural root
grafts have also been known to vector the disease, but this means of infection is
infrequent (Gillespie 1971).
Pollutants, such as ozone, sulfur dioxide, fluoride, ammonia, and herbicide,

are also believed to negatively impact upland oaks (Miller and Lamb 1985, Solomon
et al. 1987). NRO is reported to be resistant to ozone and chlorine (Means and

Lacasse 1969, Wood and Davis 1969), but the total impact of all of these materials on
hardwood health is unknown (Miller and Lamb 1985).

Not all of the threats to Quercus affect the established trees. Acorns are also
attacked by numerous microorganisms, insects, birds, and other animals (Korstian
1927). Williams (1989) lists 102 insect species known to infest the nuts of various

tree species. Beck and Olson (1968) found that the percentage of insect-infested
acoms in the southern Appalachians varied from year to year, ranging from 26 to

81%. Various smdies conducted throughout the United States have identified several
major acorn pests. However, only one study has been conducted specifically on pests
of NRO acoms (Gibson 1982).

According to most studies, weevils in the genus Curculio cause the greatest
extent of damage to acoms (Baker 1972, Beck and Olson 1968, Brezner 1960, Gibson

1971, 1972, 1982, Vozzo 1984, Weckerly et al. 1989). Damage occurs when adult

females drill one or more holes into the acom, depositing one egg in each hole

(Solomon et al. 1987). Destmction is caused by the larvae, which feed on cotyledon

tissue until full grown and then chew exit holes in the shell (Boimer and Vozzo 1987,

Solomon et al. 1987). Gibson (1982) identified five species of Curculio that attack
NRO acoms throughout the range of the tree.

Weevils in the genus Conotrachelus are also acorn pests of various oak species
(Galford et al. 1991, 1992, Gibson 1971, 1972, 1982, Solomon et al. 1987, Williams

1989). This genus differs from Curculio in that the females can only oviposit in
previously infested or physically damaged nuts (Gibson 1982). Gibson (1982) found
three species of Conotrachelus that infest NRO acoms.
Other important acom pests of NRO include a sap beetle (Stelidota

octomaculata Say), the filbertworm (Melissopus latijferanus Walsingham), the acom
moth (Valentinia glandulella Riley), and three gall wasps in the Amphibolips and
Callirhytis genera (Galford and Weiss-Cottrill 1991, Galford et al. 1991, Gibson
1982, Myers 1978). A millipede species (Ptyoiulus impressus Say) is also suspected
of damaging germinating NRO acoms in Pennsylvania (Galford et al. 1992).

In many cases, these insects and others may introduce various fungi that
damage the acoms (Bonner and Vozzo 1987, Miller and Lamb 1985, Vozzo 1984).
This connection between insects and acom fimgi has not been fully explored. Fungal
isolates have been recovered from the head, gut, and carcass of Curculio larvae
(Vozzo 1984), and several wasp species have received some attention as disseminators

of fungal spores (Bonner and Vozzo 1987), but research in this area has been limited.
Of the acoms that do escape infestation by insects and pathogens, many are

consumed by acom "predators," such as deer, rodents, and birds (Myers 1978).
Approximately 18 and 24% of acoms in West Virginia and the southem
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Appalachians, respectively, are consumed by birds and squirrels each year (Downs
and McQuilkin 1944, Tryon and Carvell 1962).
In addition to acorns, insects and other animals also attack oak seedlings.

These attacks are especially detrimental since oak regeneration in eastern forests is
already hampered by many problems, such as unsuitable site quality and competing
vegetation (Wright et al. 1989).
Twenty-five families representing six orders of insects were found on NRO

seedlings in Missouri (Linit et al. 1986). The effect of these insects on oak seedling
establishment and survival is not fully understood, but limited growth and competitive
ability are suspected (Wright et al. 1989). In Ohio, Galford et al. (1988) identified
several insects responsible for defoliation and root injury to oak seedlings. Larson
(1978) reported that late-season defoliation limited shoot growth, root carbohydrate
content, and root regeneration. Another smdy by Larson (1975), dealing specifically
with NRO, found that defoliation of first-year seedlings in the late summer and fall
reduces initial growth the following spring. In central Pennsylvania, 64% of NRO
seedlings were destroyed by insects feeding on the radicles and shoots of the trees
(Galford et al. 1991).
Insects probably do not present as great a threat to oak seedlings as do larger

animals (Russell 1971). Repeated browsing by deer and rabbits greatly reduces

seedling survival and growth (Mignery 1975, Pruett 1959, Russell 1971). Heavy
mortality can also result from the girdling action of mice and voles (Russell 1971).
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When these obstacles to oak regeneration are combined with the threats to
mature stands, it is easy to recognize the predicament of oaks in the eastern United
States. These problems have the potential to greatly impact the hardwood timber

industry and debilitate any state, such as Tennessee, whose economy relies heavily on
the forest products industry.
In Tennessee, forests cover one-half of the state, occupying approximately 5

million ha (Hopper 1991, May 1991). More tree species(> 200) exist in this state
than in almost any other area of the world, and nearly 50% of these species are of
commercial value (Page 1979). Hardwoods compose 87% of the forested areas,

making Tennessee one of the nation's leading hardwood lumber manufacturers (May
1991).

The primary forest products harvested in Tennessee are sawlogs, pulpwood,
and firewood (May 1991). This industry employs 46,000 Tennesseeans and

contributes more than 4 billion dollars annually to the state's economy (Hopper 1991).
The tourism and recreation industry also benefit from the state's hardwoods (Hopper

1987). Each year, more than 14 million people visit the oak-covered mountains of
eastern Tennessee, annually contributing another 5.7 billion dollars to the state's
economy (Lambdin, pers. comm.).

Oak forests are also valuable to wildlife, providing habitat for an estimated

150 wildlife species in Tennessee (Cantrell et al. 1994). Since the demise of the
American chesmut earlier this century, oaks have become the most important tree

species in terms of providing food for Tennessee's forest animals, such as deer, bears
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and wild boars (Anonymous 1990, Cantrell et al. 1994, Fryar 1993). Wentworth and
coworkers (1992) demonstrated that acorn availability has a direct effect on deer

reproduction, survival, and growth in the southern Appalachians.
Although hardwoods dominate the state, the volume of high-grade timber is
low due to abusive logging practices and poor management(May 1991, Page 1979).
This weakened condition of Tennessee's oaks makes them even more susceptible to

insect pests and pathogens. Among the red oaks, increased mortality due to disease,
weather, and dieback has already been documented (May 1991).

Many of the threats to NRO are already present in Tennessee. Insect pests of
oaks known to occur in the state include the buck moth {Hemileuca maia Drury),

orangestriped oakworm {Anisota senatoria J.E. Smith), and several species of leaf
rollers (Kauffman 1992). The range of the gypsy moth has not yet reached

Tennessee, although isolated populations have been found (Kauffman 1992).

Epidemic level populations of this pest could invade the eastern portion of Tennessee
within the next five years (Lambdin, pers. comm.).

Oak decline is presently a serious, but underrated, problem in Tennessee,

affecting nearly 275,000 ha in 1991 (Bechtold et al. 1992, Fryar 1993). Surveys
conducted by the USDA Forest Service link oak decline to the increased mortality of
the state's hardwood timber resource (May 1991).

The presence of the oak wilt fungus in Tennessee was first reported in 1954

(Boyce 1954). Felix (1955) identified the fungus on several red oak species.
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Although this fungus is known to occur in the state, its distribution and severity are
not well-known due to a lack of recent research.

Due to the great value but poor condition of oaks in Tennessee, many projects
and research studies are underway to regenerate high-grade oak timber in the state.

One approach to improving the state's oak stands is artificial regeneration by direct
seeding and planting of nursery stock (Bonner and Vozzo 1987, Mignery 1975, Pope
1993, Russell 1971). These methods were not practiced on a large scale in the United

States prior to 1971, but since then research has increased dramatically (Pope 1993,
Russell 1971). Currently, the opportunities for planting and seeding oaks on upland
sites have never been greater (Bowersox 1993).

Direct seeding can be successful, provided that acorns are protected from

predators and competing vegetation is controlled (Mignery 1975, Russell 1971). In
Wisconsin, Scholz (1964) excluded predators from planted NRO acorns and reported
95% survival. In Tennessee, Russell (1971) obtained 93% seed-spot stocking by

seeding and protecting NRO acorns. Although large amounts of acorns are required
(Boimer and Vozzo 1987), direct seeding is the cheapest of the artificial regeneration
methods (Mignery 1975, Russell 1971).
Oak regeneration by planting seedlings has also been successful and is a more
reliable method than direct seeding (Russell 1971). This approach is especially

effective with NRO, which transplants easier and grows faster than other oak species

(Johnson 1973). By controlling competing vegetation, Scholz (1964) obtained 79 to
97% survival after five years and 74 to 95% survival after 10 years for NRO
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seedlings in Wisconsin. Similar success in planting NRO seedlings has also been
reported by other researchers (Tworkoski et al. 1986, Myers et al. 1989).

In Teimessee, Olson and Hooper (1968) observed greater than 90% first-year
survival of white, black, and NRO seedlings and 94% second-year survival for six

NRO plantings. After four to seven years, Mignery (1975) reported 70% survival of
white, black, and NRO seedlings on upland sites in Tennessee.

Direct seeding and planting could be even more successful with the genetic

improvement of seed sources (Russell 1971). Red oak selection programs have been
conducted in several of the states in which NRO grows (Cech 1971). A common goal

of these programs is to develop seed orchards that will produce genetically improved
acorns (Cech 1971). The development of genetic resistance to insect and disease
problems is also an important goal (Cech 1971).
In the early 1960's, the Tennessee Valley Authority (TVA) began to gather
information to be used in the establishment of seed orchards (La Farge and Lewis

1987). To provide data on geographic variation and plant material, the TVA tree
improvement staff collected seeds from phenotypically superior trees from throughout
the Tennessee River Valley (Farmer unpublished. La Farge and Lewis 1987,
Schlarbaum et al. 1993).

In 1973, TVA planted these seedlings as a progeny test of 220 open-pollinated
NRO families on the Cherokee National Forest in eastern Tennessee (La Farge and

Lewis 1987). Initial survival of these seedlings was approximately 60% (Schlarbaum
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et al. 1993). TVA maintained this test site until 1979, when the TVA tree

improvement program was discontinued (La Farge and Lewis 1987).
In 1982, the Watauga Ranger District of the Cherokee National Forest
accepted responsibility for the progeny test (La Farge and Lewis 1987). This test was
converted into a seedling seed orchard in 1987 by removing the poorest growing

families and thinning the better ones (La Farge and Lewis 1987). The primary goal
for the Watauga NRO seed orchard is to provide acorns for reforestation efforts in the
southeastern United States (Schlarbaum et al. 1993). A secondary goal is to utilize
the site for orchard management research (Schlarbaum, pers. comm.).

Acorn development and production in this seed orchard have been inconsistent
(Schlarbaum et al. 1993). A flower survival study conducted in the orchard for the

1989 and 1990 flower crops found that 96 and 72%, respectively, of the original
flowers abscised (Barber 1993). The majority of this flower loss occurred in the first

year of development. Beck (1993) reported that the heaviest losses (sometimes from
75 to 100%) occur early in the life of the flowers. Turkel et al. (1955) also found the

highest rate of flower and immature acorn losses to occur between pollination and
fertilization. The cause of this premature dropping of flowers and acorns is unknown
(Beck 1993, Cecich 1993, Olson and Boyce 1971).

Although information is lacking concerning the factors related to flower loss,
insects have been suggested as possible causes (Cecich 1993). In particular,

treehoppers have been implicated as playing an important role in pistillate flower
abortion (Cecich 1993, Cecich et al. 1991). These insects have been observed to feed
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on oak pistillate flowers by inserting their stylets into the stigmas. Within a week,
these flowers are dying, dead, or abscised. This feeding activity coincides with the
heaviest flower losses, which occur from early May to the middle of June (Cecich
1993). Insects have also been suggested as the cause of flower loss in the Watauga
NRO seed orchard (Schlarbaum et al. 1993).

Although insect pests of commercial pine species have been widely researched

(Atkinson et al. 1988, Clarke et al. 1992, Goyer and Nachod 1976), few smdies have
been conducted on the insect fauna associated with commercial oaks. In Delaware,

Bray and Triplehom (1953) found 128 insect families in 12 orders on red and pin

oaks. Approximately 45 insect taxa are commonly associated with the 17 oak species
of southern California (Brown and Eads 1965). In British Columbia, more than 800

species are associated with Garry oak (Evans 1985). However, no study has been
published concerning the insect fauna associated with NRO in Tennessee.
Given this lack of information, research has been initiated in the Watauga

NRO seed orchard to investigate the insect communities present in the canopy of these
trees. In addition to documenting the arthropod diversity in the tree crowns, research
has also focussed on identifying any insects that could cause the loss of flowers and
acoms. Knowledge of the seasonality of these insect species could also be beneficial

if any pest management strategies are to be implemented.
Because all of the trees in the orchard are the same age, differences in insect

populations between NRO families were evaluated as a result of genetic variations.

17

Comparisons of different genetic families could potentially identify NRO genotypes
that may be resistant or susceptible to infestation by some insect pest species.
Regarding these research goals, a two-year, comprehensive insect study of the
seed orchard's canopy was initiated in 1992. The specific objectives of this study
were to:

1. document the insect biodiversity within the canopy of the NRO seed
orchard,
2. monitor the seasonal incidence and abundance of the insect fauna and

selected insect species, and
3. identify any differences in insect densities and selected species' populations
among selected NRO genotypes.
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CHAPTER n

MATERIALS AND METHODS

The Watauga Northern Red Oak Seed Orchard
This two-year insect study was conducted at the Watauga northern red oak
(NRO){Quercus rubra L.) seed orchard, located on the Watauga Ranger District of
the Cherokee National Forest (Figure 2). Situated in the foothills of the southern

Appalachian mountains in Johnson County, Teimessee, the orchard occupies a broad

ridgetop at an elevation of 610 m (Schlarbaum et al. 1993). The soil, a medium silty
clay to clay loam, grades to clay at approximately 1.0 to 1.5 m below the surface (La
Farge and Lewis 1987). The underlying limestone bedrock lies at a depth of 2.0 to

4.0 m, and the average soil moisture regime is dry (La Farge and Lewis 1987).
Originally an old agricultural field covered by weeds and fescue, the site was

plowed and disked by the Tennessee Valley Authority (TVA) in preparation for a
NRO progeny test (Schlarbaum et al. 1993). Seeds were collected from dominant and
codominant trees throughout the Tennessee River Valley considered to be superior
phenotypes (Schlarbaum et al. 1993).

In the spring of 1973, TVA planted 220 open-pollinated NRO genetic families,
in a randomized complete block with eight replications, on the site. In each
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Figure 2. Location of the Watauga northern red oak seed orchard, Johnson County,
Tennessee.
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replication, or block, four seedlings from each genetic family were planted in row
plots with a 3 m by 3 m spacing (La Farge and Lewis 1987).
TVA maintained the test site by mowing until 1979, when funding for the

project was discontinued (La Farge and Lewis 1987). In 1982, the USDA Forest
Service acquired control of the plantation and converted it to a seedling seed orchard

(La Farge and Lewis 1987). Various physical traits of each family were evaluated in
August and September of 1985. Based on the results of this study, 21 families were
completely removed and the remaining families thinned to the best one or two

individuals of each family in each block (La Farge and Lewis 1987, Schlarbaum et al.
1993).

These remaining trees compose the Watauga NRO seed orchard. This 5.9 ha
area is surrounded by a 30.5 m fire break and is mowed several times each year

(Schlarbaum, pers. comm.). A subsequent thinning was completed in 1994.
Four trees from five NRO genetic families (#200, #500, #553, #600, and

#885) were chosen for this insect diversity study based on their acorn production
histories. All families, except Family #885, have produced acorns in the past. The

geographical origins of these families are presented in Table 1.
The 20 trees used in this study ranged in height from 4.6 m to 15.2 m and in

diameter at breast height (dbh) from 5.0 cm to 20.0 cm. Information on each tree,

such as total height, dbh, and live crown ratio, was recorded in 1994. This
information is listed in Table Al of the Appendix.
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Table 1. Origins of the northern red oak(NRG)genetic families studied at the
Watauga northern red oak seed orchard in 1992 and 1993.
NRG Family

Origin of Seed Source
(county, state)

Original Elevation
(m)

200

Limestone Co., AL

213

500

Union Co., TN

366

553

Campbell Co., TN

335

600

Buncombe Co., NC

885

Madison Co., AL

22

1067
457

In 1992, these trees were sampled approximately every two weeks on 13 dates

from April 9 to October 5. When weather conditions, such as rain and strong
winds, did not permit accurate or safe insecticide spraying, insect sampling was
rescheduled for the next available date.

These precautions were continued in 1993, when 17 insect collections were
made from March 30 to November 9. This extension of the 1993 sampling season

was a result of two factors. First, foliage remained on the study trees throughout

October and into early November. Second, collections made during October
continued to yield a relatively high number of specimens, despite several frosts that
occurred in the orchard. In the interest of completeness, insect sampling was
continued until no foliage remained to be sprayed.

A sampling rotation was set up for the study trees and maintained in both

years. The 20 trees were randomly grouped into four sets of five trees, each set

composed of one tree from each genetic family. On the first sampling date, insects
were collected from only the first set of trees. On the second sampling date, insects

were collected from only the second set. Likewise, only the third set was sampled on
the third date, and the fourth set on the fourth date. On the fifth sampling date,

insects were again collected from the first set of trees. This rotation was repeated

throughout the sampling season so that each tree was only sampled once every eight
weeks. The location of each tree in the orchard is shown in Figure 3.
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Figure 3. Location of each northern red oak tree sampled within the Watauga northern red oak seed orchard.

Insect Sampling Procedure
To sample the insect fauna in the canopy of the seed orchard, the crowns of

the study trees were treated with a broad-spectrum pyrethroid and the insects that
dropped from the trees were collected. This knockdown method of sampling was
chosen for its minimal collection time, accuracy of sample, and non-destructive nature
(Stein and Doran 1975).

On each sampling date, two plastic tarpaulins (tarps), approximately 12 m by 6
m, were placed on the ground beneath the entire crown of each of the five trees.
Tarps were juxtapositioned with the tree trunk in the middle so that each tarp was
beneath one half of the crown. Where the tarps came together, they were overlapped
as flatly as possible and wrapped around the trunk (about 1 m above the ground) so
that all insects would fall onto the tarps.

Each pair of tarps was kept taut and in place by driving 20 nails (ca. 20.3 cm
in length) through the material and into the ground. Nails were placed at each comer
(4), along the perimeter approximately every 3 m (12), and along the midline every 3
m (4) with two nails on either side of the tmnk. This approach reduced the loss of
insects by preventing wind and other factors from displacing the tarps.
After the tarps were in position, each tree crown was treated with Asana XL

(0.66 emulsible concentrate/3.8 1), a synthetic pyrethroid. This insecticide was
chosen for its broad range of susceptible arthropods, rapid knock-down effect, low

mammalian toxicity, lack of phytotoxic effects, and short-lived residue (Stein and
Doran 1975).
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A combination of 8.5 ml of Asana and 11.4 1 of water was usually sufficient to
treat all five trees on each sampling date. Using a 11.4 1 hand sprayer, this mixture
was applied directly onto the crowns from the bucket (or cherry picker) of a USDA
Forest Service bucket truck. By maneuvering the bucket with hand controls, the

entire canopy was accessible, and the insecticide was applied to the top and all sides
of the crown. Treatment was concentrated on the outermost branches because these

limbs contained the majority of foliage and acorns. These treatments were usually

made between 10 a.m. and 12 p.m., after morning moisture dried from the foliage
and before afternoon winds caused insecticide drift.

Dead and dying insects that had fallen onto the tarps were collected from each

tarp, usually after 2 to 4 hours. The collection process required two people to
remove the nails and simultaneously lift the four comers of each tarp (two

comers/person). The tarp was then shaken so that the insects and other debris, such
as leaves, dirt, bark, etc., slid towards the middle and formed a row. This material

was immediately vacuumed into a plastic canister, using a hand-held, battery-

operated, modified Dustbuster® (Black and Decker, Shelton, CT). This procedure
was repeated with the tree's second tarp, using the same canister.
After vacuuming the insects from the two tarps, the canister was capped,

labelled with the date and tree family, and placed on ice in a portable cooler. Once

collections were completed from beneath each tree, the five containers were

transported to a laboratory on The University of Tennessee's Knoxville campus and
stored in a freezer (approximately -5°C).
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Canisters were later removed individually from the freezer and their contents

separated. Insects were sorted, counted, and placed into plastic petri dishes (100 by
15 mm)by scientific order. In addition to the order, each dish was labelled with the
collection date and tree family, then returned to the freezer.

Larval lepidopterans and other soft-bodied insects were placed in glass vials (1
gm) containing 70% ethyl alcohol. These vials were labelled with the same
information as the petri dishes.

After the canisters were emptied and the insects separated, specimens were

relaxed, pinned, and labelled with the collection information already discussed. When
known, specimens were also given a another label containing their scientific order,
family, genus, and species. Identification, at least to the family level, was completed
by laboratory personnel using dichotomous keys. Two voucher collections have been
prepared for The University of Tennessee and the USDA Forest Service.
Data Analysis

Insect collections made on each sampling date provided a relative

representation of the insect communities existing in the canopy at that time of year.
By sampling the tree crowns from the time foliage fu-st appeared until leaf
senescence, the diversity, abundance, and seasonality of the insect fauna were

recorded. Population densities of the insect community and selected species were
graphed to better understand seasonal trends within the seed orchard.
The number of adult insects and the number of selected species collected on

each sampling date were tabulated for each tree. These values were grouped into
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several data sets and analyzed statistically for significant differences between the two

years (1992 and 1993), among seasons (spring, summer, and fall), and among NRO
families (#200, 500, 553, 600, 885). Significant differences were determined using
the general linear model(GLM)procedure (SAS Institute 1987).
To statistically analyze the two years, all adult insects collected in 1992 were

grouped together, as were all the insects collected in 1993. These two values were

compared for a significant difference. The totals for selected species collected in both
years were also compared for any differences between years.

Significant differences between seasons were determined by comparing the
number of adult insect specimens collected in the spring, summer, and fall of each

year. Spring totals were calculated by grouping all insects collected in April and
May. Insects collected in June and July were grouped as the summer seasonal value,
and August and September totals were grouped as the fall value. Comparisons were
made among the three seasonal values for 1992 and 1993. The totals for selected
species collected in each season of both years were also evaluated statistically.
Adult insect totals collected from each NRO family were also grouped and

compared statistically for any differences among families. These values were
evaluated by year and by season. The two-year insect totals collected on each family

were also analyzed. Similar evaluations were made among the totals for selected

species on each family. Significant differences among the NRO genotypes may be a
result of genetic or ecological resistance.
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When significant(P< 0.05) differences among the variables were found,
Tukey's Studentized Range Test was used to determine significant differences(P<
0.05) among means. Due to unequal variances, log transformation of the data was
completed before any analysis was made.
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CHAPTER HI

RESULTS AND DISCUSSION

Insect Diversity

A total of 26,536 adult insect specimens was collected from the canopy of the
Watauga NRG seed orchard in 1992 and 1993. Approximately 99% of these

specimens were classified into seven orders (Coleoptera, Diptera, Hemiptera,
Homoptera, Lepidoptera, and Orthoptera). The remaining specimens (ca. 1%)
represented eight additional orders (Blattaria, Ephemeroptera, Mecoptera, Neuroptera,
Phasmida, Psocoptera, Thysanoptera, and Trichoptera). The total number of
specimens collected in each of the 15 orders for both years is presented in Table 2.
More than 500 immature insects were also collected in this study. Because
these specimens could not be reared to adults and identification of immature insects is

difficult, they have not been included in the final results or data analysis. However,
larval lepidopterans will be briefly discussed later in this section. All spiders
collected in this study were also excluded from the results and analyses.
When comparing insect totals, significantly greater numbers of insects were

collected in 1993 than in 1992. This increase mainly resulted from the four additional

collections made during 1993.
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Table 2. Total number of adult insects collected at the Watauga northern red oak
seed orchard in 1992 and 1993.

Insect Order

Blattaria

1992

1

1993

0

Total

Percent

Collected

of Total

1

< 0.01

Coleoptera

4678

4836

9514

35.85

Diptera

1316

2440

3756

14.15

Ephemeroptera

0

1

1

< 0.01

Hemiptera

211

522

733

2.76

Homoptera

1879

2789

4668

17.59

Hymenoptera

2180

4769

6949

26.19

49

57

106

0.40

2

10

12

0.05

Lepidoptera
Mecoptera
Neuroptera

12

70

82

0.31

Orthoptera

181

316

497

1.87

1

0

1

< 0.01

50

65

115

0.43

62

64

0.24

25

37

0.14

Phasmida

Psocoptera
Thysanoptera
Trichoptera
TOTAL

2
12

10,574

26,536

15,962
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100.00

The percentages of insects representing certain orders were also different
between 1992 and 1993 (Figure 4). In 1992, Coleoptera clearly contained the

majority (44.2%) of specimens, followed by Hymenoptera (20.6%), Homoptera
(17.8%) and Diptera (12.5%). The remaining orders contained 4.9% of the
specimens. In 1993, the percentage of specimens belonging to Coleoptera decreased
to 30.3% and Hymenoptera increased to 29.9%. The percentage of specimens
collected in Homoptera, Diptera, and the remaining orders stayed relatively

unchanged (17.5%, 15.7%, and 6.6%, respectively).
This shift in percentages was due to a dramatic increase in the number of

hymenopteran specimens collected during the second year. Because the biggest
increases in hymenopteran numbers occurred in May, June, and October, the
increase in 1993 was not a result of the extended sampling season. Immigration of

hymenopterans into the seed orchard at these times may explain some of the increase
in numbers. Also, the collection of large, newly-emerged populations may account
for some of the increase.

Within the 15 insect orders collected, 143 insect families were identified (as of

12/1/94). Coleoptera, Diptera, and Hymenoptera are the most diverse orders,
containing at least 30 families and more than 100 species each (Table 3).

Relatively few adult specimens (106) were collected in the two years in the

order Lepidoptera. The numbers of lepidopteran larvae collected were also low. The
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1992

1993

m

(n =15,962)

(n=10,574)

COLEOPTERA
DIPTERA

HOMOPTERA
HYMENOPTERA

OTHER ORDERS

Figure 4. Percentage of adult insects in selected orders collected at the Watauga
northern red oak seed orchard in 1992 and 1993.
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Table 3. Total number of insect families and species identified in each order at the
Watauga northern red oak seed orchard in 1992 and 1993 (as of
12/1/94).

Insect Order
Blattaria

Number of Families

Approximate Number of Species'

1

1

Coleoptera

35

130

Diptera

35

105

1

1

Hemiptera

14

40

Homoptera

9

87

30

135

Lepidoptera

4

10

Mecoptera

1

1

Neuroptera

2

2

Orthoptera

5

20

Phasmida

1

1

Psocoptera

1

3

Thysanoptera

3

4

Trichoptera

1

1

Ephemeroptera

Hymenoptera

TOTAL

541

143

'Numbers are approximate because identification of all specimens, particularly
dipterans and hymenopterans, has not been completed.
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reasons for this low larval lepidopteran density on the oaks are not known.
McCasland (1993) also reports low larval populations of lepidopterans on oaks in
Tennessee.

Identification beyond the family level was not attempted for every specimen.

However, the number of species collected in this study is conservatively estimated at

541. A partial listing of the identified families, genera and species (as of 12/1/94) is
provided in Table A2 of the Appendix.

In a similar study, Linit and coworkers (1986) collected mature and immature
insects from NRO seedlings in the Missouri Ozarks. Researchers collected each

week, from April to October in 1979 and 1980, and identified seven insect orders and
24 families. Within these families, 46 species were separated. The order

Lepidoptera contained the most families (10) and species (29). Coleoptera,
Homoptera, and Hemiptera were the next most diverse orders, respectively.

Hymenoptera, Orthoptera, and Phasmida contained one family and one species each.
The insect numbers collected by Linit and coworkers (1986) were much lower
than those recovered in the seed orchard due mostly to the size of the sample trees.

This difference makes it difficult to logically compare the results of the two smdies.
However, results can be compared more easily with another similar study by Bray

and Triplehom (1953). In their study, insects were collected weekly from red and pin
oaks from May to August of 1951. Insect sampling consisted of making random

sweeps with a net through the leaves of the trees. Light traps were also used on
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several occasions. For sample trees that were dead, bark was removed and insects

were hand collected. The sizes of the trees sampled in their study were not
described.

Bray and Triplehom (1953) identified 12 insect orders, 128 families, and at

least 500 species. Of the orders found, Diptera, Coleoptera, and Hymenoptera
contained the greatest number of families (31, 29, and 27, respectively). The orders
Dermaptera, Isoptera, and Plecoptera were collected in their study, but were not
found in the Watauga NRG seed orchard.

Although the insect diversity found in their study is similar to that of the
Watauga NRG seed orchard, some differences are apparent. These differences are a

result of the condition of the sample trees and the sampling method used.

Several of the trees sampled in the Delaware study were dead or dying and
harbored decomposing and boring insects. All of the study trees in the seed orchard

were relatively healthy and did not harbor as many damaging species.

Greater insect diversity was found in the seed orchard, compared to Bray and
Triplehom's study (1953), due to a more complete sampling method. In Delaware,
researchers only collected insects from the lower branches and many of these insects
probably were able to avoid capture due to the sampling method. But in the seed

orchard, the entire crown was sampled with a more thorough approach.

Gnly a few other studies have been conducted on the insect diversity of

deciduous tree canopies in North America. Costa and Crossley (1991) sampled the
canopy arthropods of flowering dogwood, red maple, and yellow poplar. Thirteen
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insect orders and 71 families were identified from the combined canopies of these
trees. Gorsuch et al. (1989) collected 14 insect orders containing 143 families and

583 species from the canopy of a peach orchard in South Carolina.

Compared to these other studies, the number of insects and taxa collected in
the Watauga NRO seed orchard indicate a well-established, diverse insect community
existing in the canopy stratum. One important reason for this diverse insect collection
was the success of the sampling procedure.

The use of a chemical insecticide for a quick knockdown, as employed in this

study, is generally considered to be more convenient and accurate than fogging,
branch pruning, jarring, systemic chemicals, or collapsible bag sampling (Blanton
1990, Stein and Doran 1975, Stork 1988). Although the results are not as complete

as those obtained with a closed-canopy sampling apparatus (Gorsuch et al. 1989), the
method used in the seed orchard provided a relative sample of the insect fauna in the
tree crowns.

The addition of night-time collections may have further refined the results of

this study. Costa and Crossley (1991) showed that diurnal sampling of canopies
excludes nocturnal insects, which constitute a significant portion of the arthropod
community.

Despite the diversity of the insect fauna collected in the seed orchard, only a

small percentage (ca. 8%)of these species can be considered to be important pests of
NRO. In southern California, more than 125 insect species are associated with oaks.
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but only 15 species (12%) are considered of major importance (Brown 1979). In
their study of insects associated with oaks, Brown and Eads (1965) state:
There are only a few of these many different kinds of insects
that are of importance to the well-being of the oak tree. It
has been our experience that even the worst insect infestations
are usually secondary in importance to such serious problems as
drought, armillaria root rot, or the poor horticulmral practices
that promote these naturally-occurring disastrous conditions.

Of the insects identified as pests in this study, several species warrant special
consideration based on their high densities and/or their potential to cause significant
amounts of damage. These insects, the Asiatic oak weevil(AOW)(Cyrtepistomus
castaneus Roelofs), acorn weevils (Curculio spp.), and treehoppers (Family:
Membracidae), will receive special consideration in the following discussion.
The AOW was the most commonly collected insect species in both years of

this study. In these two years, 6,624 adults were collected, representing 25% of all
insects collected. In the other NRO insect studies, Linit and coworkers (1986) found

AOW to be the most abundant species found on the seedlings. Bray and Triplehom

(1953) also collected AOW in their study but its relative abundance is not described.
The AOW, endemic to Japan, was fnst recorded in North America by Davis
(1935) in 1933. This introduced species has since spread to more than 20 eastern and
central states (Roling 1979).

The basic lifecycle of AOW was first described by Triplehom (1955) in

Delaware. Research by Roling (1979) supplied additional important information.
Eggs, laid in July and August on the ground surface, hatch after one or two weeks
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and larvae burrow into the soil and feed on root hairs of host plants. Larvae
overwinter and pupate underground, emerging the following summer. Peak
emergence occurs in July (Evans 1959, Roling 1979, Triplehom 1955). Within two

weeks of emergence, parthenogenetic females begin to produce eggs, dropping up to
123 eggs/adult to the ground (Roling 1979). Although this species has only one

generation/year, it has the capability to produce large populations every year (Roling
1979).

The impact of larval feeding by the AOW on root hairs is not known.
However, the potential exists for serious damage (Lorimer 1993). Adult AOW feed

on the foliage of host plants, consuming entire leaves except the larger veins
(Triplehom 1955). Oak species, including NRO, are the preferred host plants of this
insect (Ferguson et al. 1991, Triplehom 1955).

Defoliation by the AOW can be severe (Triplehom 1955). In Delaware, Bray
and Triplehom (1953) reported AOW to cause a noticeable amount of injury to red
and pin oak leaves. In Missouri, AOW densities were correlated with oak densities
(Ferguson et al. 1992).

Although Solomon et al. (1987) identifies AOW as a minor pest of oaks, its
unlimited defoliating potential and reproductive capacity suggest that it may pose a

serious threat to NRO and other oak species (Ferguson et al. 1991, 1992, Lorimer
1993). For these reasons, plus its potential for root damage, the AOW is considered
to be an important pest in the Watauga NRO seed orchard.
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Many of the AOW adults collected on July 6 and July 15, 1993 were covered

with a fuzzy, brownish fungus-like material. This "fungus" grew while specimens
were stored in the freezer and completely covered the weevils within a week.
Attempts to identify this "fungus" are underway. This phenomena has also been
observed in the field, but no reports exist on any fungal pathogens of AOW.

Acom weevils in the genus Curculio were also collected in this study. These
weevils are commonly considered to be the most harmful insects to acorns (Baker
1972, Beck and Olson 1968, Gibson 1972, Oliver and Chapin 1984). Pecans,
chestnuts, hickory nuts, and filberts can also be attacked by various species in this
genus (Brezner 1960).

Typically, Curculio weevils have a two-year lifecycle. In autumn, adult
females chew small holes with their long, beak-like mouthparts through the pericarp
of developing acorns and lay eggs inside the nutmeat (Brown and Eads 1965, Myers
1978). Larvae hatch within two weeks and feed on the cotyledon tissue for two to

four more weeks, often significantly reducing the germinating ability of the seed
(Bonner and Vozzo 1987, Myers 1978, Oliver and Chapin 1984). Once the infested

acom drops from the tree, larvae chew an exit hole, emerge, and burrow into the soil
to overwinter (Brezner 1960, Myers 1978). Larvae remain underground for

approximately one year, pupating during their second summer (Brezner 1960).

Adults typically emerge in July or August and begin to mate and oviposit. Adults
only live for approximately two weeks (Brezner 1960).
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Ten species of Curculio are found in the eastern United States (Myers 1978),
of which five are known to infest NRO acorns (Gibson 1982). These species are C.
longidens Chittenden, C. nasicus Say, C. orthorhynchus Chittenden, C. proboscideus
F., and C. sulcatulus Casey. Linit and coworkers (1986) did not collect any Curculio
weevils in their study. Bray and Triplehom (1953) collected one C. nasicus adult.
In the Watauga NRO seed orchard, 66 adult acom weevils were collected in

1992 and 41 were collected in 1993. Species identification of these specimens has yet
to be determined, but at least four species are apparent. These numbers seem to
indicate a well-established population of acom weevils in the seed orchard.

Treehoppers are also considered to be important pests of NRO in the seed
orchard. Feeding of these insects on oak pistillate flowers has been implicated in
heavy flower losses (Cecich 1993, Cecich et al. 1991). Studies conducted in

California also identify treehoppers as oak pests (Brown 1979, Brown and Fads
1965).

In this study, 21 taxa within the family Membracidae have been identified and
represent an abundant, diverse complex of treehoppers in the seed orchard (Table 4).

In the study conducted by Bray and Triplehom (1953), only nine treehopper species
were collected. Although none of these species has been positively identified from

the seed orchard, three genera {Cyrtolobus, Ophiderma, and Telamona) were

identified in both studies. Linit and coworkers (1986) found only one undetermined

treehopper nymph on NRO seedlings in Missouri.
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Table 4. Membracidae taxa collected at the Watauga northern red oak seed orchard
in 1992 and 1993.

Species

Genus
Archasia

sp.

Cyrtolobus

benestratus

ivemis

sp. C

sp. D
Enchenopa

binctata

Glossonotus

acuminatus

unillztus
Helena

sp.

Microcentrus

cargna/peredutus{1)

Ophiderrm

evelyms

flavicephala
sp. C

Platycotis

vittata

Smilia

camelus

sp. B
Telamona

sp. A

sp. B
sp. C
sp. D

sp. E
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Of the treehoppers collected in the seed orchard, Platycotis vittata F. warrants
special consideration. In 1992, 542 P. vittata adults were collected, representing ca.
87% of all the membracids and ca. 5% of all insects collected that year.
Platycotis vittata is the only membracid species in temperate North America
that provides parental care for its offspring throughout the nymphal stages (Wood
1979). It ranges from the highlands of Mexico north to both the eastern and western

United States. Two generations/year occur throughout its range in early spring and
autumn (Keese and Wood 1991, Wood et al. 1984). Quercus is the apparent host
plant based on the insect's life history and the tree's physiology (Wood et al. 1984).
P. vittata has been reported on more than 30 species of oaks (Keese and Wood 1991).

Adult P. vittata females oviposit by cutting slits into the bark and twigs of the
host plant with their ovipositor in late winter. The parent female remains on the egg
mass until hatching, which occurs in approximately 15 to 20 days, depending on
latitude. The time of egg hatching appears to coincide with budbreak, when water
and nitrogen levels in the host's upward flow of sap are highest (Keese and Wood
1991).

Prior to hatching, the parent female slices a series of slits in the twig near the
egg mass, causing sap to flow from the injury. When eggs hatch, nymphs congregate

and feed at the slits. Aggregates can contain 25 to 50 nymphs, but average 32
individuals (Wood 1975, 1976).

As the nymphs continue to feed, the adult treehopper continues to cut slits,
working in a spiral pattern from the twig terminus towards the main stem (Wood
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1976), This slicing of the twig by the parent female for oviposition and nymphal
feeding can disrupt the fluid flow in the vascular system of the twig and cause it to
die. Fluids associated with the eggs or with insertion of the eggs may have some

toxic effect (Brown and Eads 1965). The twig is weakened further by the sucking of
sap by the insects (Brown and Eads 1965). Similar damage by other treehoppers has
been reported in various orchards, such as black walnut, in the United States
(Armstrong et al. 1979, Sorenson 1928, Yothers and Allen 1941).
Insect Abundance and Seasonality

The abundance and seasonality of adult insects collected at the Watauga NRO
seed orchard in 1992 and 1993 were recorded. Seasonal densities for these insects

during both years are shown in Figure 5.

During the months of April and May, insect abundance in the orchard slowly
increased as temperatures became warmer and insects began to emerge. As spring
emergence tapered off, insect densities remained constant into June. In late June and

early July, insect abundance increased dramatically, peaking in middle to late July.
This increase directly resulted from the summer emergence of AOW, the most
abundant species collected in the seed orchard. By August, insect numbers returned
to levels recorded in early June, before the emergence of AOW. This average insect

abundance was maintained through August and September, with the emergence of

certain species causing occasional fluctuations. In October and November, adult
insect abundance began to slowly decrease as colder temperatures resulted in either
insect diapause or death.

44

500
LU
UJ
CC

CO
z

1992

400
1993

UJ

o

300
/»

UJ
Q.

'»
'
_ »

CO

5
UJ

200
♦'

CO
z
MM

d

100

z

|X

0

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

SAMPLING DATES

Figure 5. Mean number of adult insects collected per tree at the Watauga northern
red oak seed orchard in 1992 and 1993.
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Significant differences in insect densities were found among all three seasons
in both years. The lowest insect numbers occurred in the spring while summer had
the greatest abundance. Insect populations in the fall were intermediate.
The 1992 and 1993 seasonal abundance curves are strongly influenced by the
seasonal densities of the AOW in each year. From July to October, the seasonal
abundance curves for all insects mirrors the curves for AOW abundance. Martin

(1966) also found the seasonal development of an abundant species (mainly aphids,
mites, and psyllids) to dictate the pattern of insect seasonality curves.
The seasonal abundance of AOW in 1992 and 1993 is shown in Figure 6.

Significantly fewer AOW were collected in 1993 than in 1992. The reason for this
decrease in abundance could be due to weather conditions or a possible fungal

pathogen that was observed.

The 1992 and 1993 seasonality curves for this species are generally similar,
remaining near zero until July, when densities peaked and then slowly decreased
throughout the remaining months. Roling (1979) and Triplehom (1955) also reported

peak populations to occur in mid to late July. In this study, differences were apparent
between the two years in July, August, and the first half of September.
In 1992, AOW densities peaked in late July, decreased by early August, but

increased again in early September. In 1993, AOW abundance peaked earlier in July,

decreased by early August, and continued to decrease gradually during the remaining

months. Significant differences in AOW abundance were found by season, which is a
result of the distinct seasonality of the species.
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Figure 6. Mean number of Asiatic oak weevil (Cyrtepistomus castaneus Roelofs)

adults collected per tree at the Watauga northern red oak seed orchard

in 1992 and 1993.
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Seasonal occurrence of acorn weevils in the Watauga NRO seed orchard was
also similar in both study years (Table 5). In 1992, only two adults were collected

from April until September. But in September, 57 adults were found in the insect
samples. In October, only seven individuals were found.
In 1993, acorn weevils did not appear in the insect collections until late

August. Twenty-five adults were recorded in September, which was the greatest

density for the year. Although no significant difference was found in acorn weevil
densities between years, significantly more individuals were collected in fall than the
other two seasons.

These data suggest that adult emergence from the soil occurs from late August
to October. Brezner (1960) reported that Curculio emergence occurred mainly in July
and August in Missouri. But in Louisiana, Oliver and Chapin (1984) found that
Curculio adults emerged from late August to the middle of November.

Densities of Platycotis vittata in the seed orchard varied between study years.
In 1992, populations of this species peaked in June and September (Figure 7), which

corresponds to the two generations/year reported by Keese and Wood (1991).
In 1993, however, P. vittata were not found in the orchard until four
individuals were collected on October 26. On November 9, 14 more adults were

found. The cause of this significant decrease in numbers is not clear, but

environmental factors have been proposed as one possible explanation. On April 13
and 14, 1993, a blizzard occurred in eastern Tennessee. According to the seasonality
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Table 5. Curculio weevils collected at the Watauga northern red oak seed orchard in
1992 and 1993.

Year

Month
Mar

1992

~

Apr

May

Jun

Jul

Aug

Sep

Oct

0

1

1

0

0

57

7

Nov
~

Total

66

1993

0

0

0

0

0

7

25

9

0

41

Total

0

0

1

1

0

7

82

16

0

107
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Figure 7. Mean number of Platycotis vittata P. adults collected per tree at the
Watauga northern red oak seed orchard in 1992.
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NOV

curve for this species in 1992, adult females would have been with their newly-laid
egg masses at the time of the blizzard. Wind, snow, and ice may have driven the
adult females away from the egg masses, possibly even killing the adults and eggs.
Loss of the adult female has been observed to result in decreased survival of the

nymphs in the wild. Wood (1976) reported 100% mortality for first-instar nymphs
when adult females were removed. The 18 individuals collected late in 1993 could

have been adults moving into the orchard from more protected, surrounding areas.
Genetic Effect of Northern Red Oak on Insect Populations

The total number of insects collected from each NRG family is presented in

Table 6. No significant differences in the total number of insects collected from each

family were detected by year or by season. Therefore, insect populations on all five
families were similar in abundance and seasonal trends.

Based on average live crown ratio (Table Al), Family #553 was the largest,

followed by #885, #6(X), # 500, and #200. As expected, the smallest family (#200)
harbored the lowest total insect populations. However, Family #600 contained the

highest total insect populations, rather than Family #553. These numbers indicate that
the total number of insects on each family was not simply a result of tree size, but of
other factors as well. One apparent influence on these totals is the number of AOW
collected from each family.

The densities of AOW collected on each NRG family were not significantly

different by year or by season. However, the total number of AOW collected on each
genotype varied significantly for both years (Table 7). Again, Family #200 possessed
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Table 6. Influence of northern red oak (NRO) genetics on the mean number of adult

insects collected per tree at the Watauga northern red oak seed orchard
in 1992 and 1993.^

NRO Family

Total # Collected

Mean ± SEM

600

5836

194.5 ± 21.8a2

553

5780

192.7 ± 24.5a

885

5546

184.9 ± 20.3a

500

4695

156.5 ± 20.4a

200

4679

156.0 ± 14.8a

'Data were log transformed for analysis using Tukey's Studentized Range Test (SAS
Institute 1987).

^Means followed by different letters are significantly different(P< 0.05, n=30,
df=4).
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Table 7. Influence of northern red oak (NRO)genetics on the mean number of
Asiatic oak weevil (Cyrtepistomus castaneus Roelofs) adults collected
per tree at the Watauga northern red oak seed orchard in 1992 and
1993.'

NRO Family

1992
± 24.2a2

1993

Two-year Total

50.7 ± 23.9a^

57.2 ± 13.4a'

58.1 ± 23.9b

39.2 ± 17.3b

47.4 ± 14.1b

885

54.6 ± 17.3c

35.8 ± 18.4c

44.0 ± 12.7c

500

51.5 ± 22.2d

28.9 ± 11.7d

38.7 ± 11.6d

200

42.5 ± 19.9e

26.7 ± 11.6e

33.5 ± 10.7e

600

65.6

553

'Data were log transformed for analysis using Tukey's Studentized Range Test (SAS
Institute 1987).

^Mean -I- SEM; means followed by different letters are significantly different
(P<0.05, n=13, df=4).

^Mean + SEM; means followed by different letters are significantly different
(P<0.05, n=17, df=4).

''Mean -I- SEM; means followed by different letters are significantly different
(P<0.05, n=30, df=4).
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the fewest AOW adults, probably due to its smaller crown size. But Family #600

contained significantly greater levels of AOW than the other families, despite its
moderate crown size.

The reasons for greater AOW densities on Family #600 are not clear, but

could possibly be due to the family's geographical origin. The original elevation for
this family is 1067 m and the seed orchard is situated at 610 m. This lower planting
elevation may affect the physiology of the trees in this family, making them more

susceptible to pests. The lower elevation may also expose the family to pests it would
not otherwise encounter.

Acorn weevil densities collected from each NRO family were not significantly

different among seasons or between years. However, Family #200 did harbor a much

larger total population of these acorn pests (Table 8). This greater density of
Curculio weevils on Family #200 is most likely a result of the family's acorn

production. Every year, this family is one of the top acorn producers in the seed
orchard (Schlarbaum, pers. comm.). Since these trees produce more acoms, it is
logical that they would contain higher acorn weevil populations.

Further support of this idea can be seen in Family #885. Because this family
does not typically produce many acom, lower numbers of acom weevils were
collected from these trees. Therefore, Curculio weevil populations on each NRO

family appear to be influenced by each family's acom production.
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Table 8. Influence of northern red oak(NRO)genetics on the mean number of
Curculio weevil adults collected per tree at the Watauga northern red
oak seed orchard in 1992 and 1993.'

NRO Family

Total # Collected

Mean ± SEM

200

69

2.3 ± 1.5a2

553

12

0.4 ± 0.2a

600

11

0.4 ± 0.1a

500

9

0.3 ± 0.2a

885

6

0.2 ± 0.1a

'Data were log transformed for analysis using Tukey's Studentized Range Test (SAS
Institute 1987).

^Means followed by different letters are significantly different(P< 0.05, n=30,
df=4).
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The total number of P. vittata adults collected from each NRO family is

shown in Table 9. No significant differences were found among the families by

season, but a significantly greater number of total individuals was collected on Family
#600. Again, this high density of pests on Family #600 is due possibly to the

family's geographical origin. The lower elevation of the orchard may cause these
trees to be more susceptible to pests. Family #553 harbored the fewest P. vittata
adults, but did not differ significantly from families #200, #500, or #885.
These statistical results indicate that insect populations on each NRO genetic

family are influenced by factors other than tree size. Genetic influences, such as

planting elevation and acorn production, may also affect insect abundance in the
crowns of the trees. These differences in insect populations among the NRO families

indicate that a genetic effect does exist between the trees and their insect
communities.

From the results of these genetic comparisons, the NRO families with the most

potential for use in reforestation can be identified. NRO Family #600 should not be
used for reforestation on low elevation sites due to its susceptibility to AOW and P.
vittata populations.

Family #885 demonstrated few problems with the selected insect pests, but is

typically a poor acom producer. Family #500 harbored relatively low AOW and

acom weevil populations, but high P. vittata densities. The opposite trends were

observed with Family #553. These positive and negative qualities limit the potential
of these three families for use in reforestation.
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Table 9. Influence of northern red oak(NRO)genetics on the mean number of

Platycotis vittata F. adults collected per tree at the Watauga northern
red oak seed orchard in 1992 and 1993.^

NRO Family

Total # Collected

Mean ± SEM

600

238

7.93 ± 5.90a2

500

98

3.27 ± 1.76b

885

87

2.90 ± 2.00b

200

77

2.57 ± 0.75b

553

60

2.00 ± 1.32b

^Data were log transformed for analysis using Tukey's Studentized Range Test(SAS
Institute 1987).

^Means followed by different letters are significantly different (P<0.05, n=30,
df=4).
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NRO Family #200 did not demonstrate any significant problems with AOW or
P. vittata and is a successful acorn producer. Although this family may be more
prone to acom weevil attacks, it still demonstrates the most potential for use in NRO
reforestation efforts in the southern Appalachians.

58

CHAPTER IV

CONCLUSIONS

Oaks {Quercus spp.) are among the most valuable timber resources in the
United States, in terms of both the economy and the environment (Smith 1993).

Because these trees are so important, much attention has been given to the health of
current stands and the establishment of new ones. However, in the past 50 years, oak
survival and regeneration have decreased to the point that researchers are concerned
for the future of these species (Smith 1993).

Northern red oak (NRO)(Quercus rubra L.) is one of these valuable species

experiencing declining populations in the United States and in Teimessee (May 1991,
Starkey and Brown 1986). In an effort to produce genetically improved acorns for
reestablishing this species, the Watauga NRO seed orchard was created (Schlarbaum
et al. 1993). But acorn production in the seed orchard has been partially limited by

the premature abscision of flowers and immature acorns (Barber 1993). This

production loss may be caused by insect pests, but the arthropod fauna existing in the
canopy of this seed orchard has not been adequately smdied.

For this reason, a two-year insect diversity study was initiated in 1992. Four

trees in five genetic families were sampled approximately every two weeks from
March to November in 1992 and 1993. The objectives of the study were to document

the insect diversity of the seed orchard's canopy, monitor the seasonality and
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abundance of selected insect species, and identify any significant differences in insect
compositions among NRO genetic families.

Insect collections revealed a diverse, well-established insect community
existing in the seed orchard. In the two years, 26,536 adult specimens in 15 insect
orders were collected. Within these orders, 143 families and approximately 541
species were identified (as of 12/1/94). Only a small percentage (ca. 8%)of these
insect species were considered to be important pests of NRO in the seed orchard.
The Asiatic oak weevil(AOW){Cyrtepistomus castaneus Roelofs) was the
most abundant species collected in this study, representing 25% of all insects

collected. Although adults were found throughout the year, population densities
peaked in middle to late July. This species has the potential to cause severe damage,
both as larvae and adults (Lorimer 1993).

Acorn weevils in the genus Curculio were also collected in this study. These
weevils are considered to be the most damaging insects to the production of viable
NRO acorns (Gibson 1982). Adult emergence of these pests from the soil occurred
from late August through October.

A diverse community of treehoppers (Family; Membracidae) was also found in
the canopy of the seed orchard. It has been suggested that these insects may play a

significant role in the loss of oak flowers (Cecich 1993). Of these treehopper species,

Platycotis vittata P. clearly dominated the collections in 1992(87%) but was virtually
absent from the orchard in 1993. This significant decrease in numbers was probably
caused by severe winter weather.
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No significant differences were found in the seasonality or abundance of the
overall insect populations collected among the five NRO genetic families. However,
significant differences were found in total populations of certain pest species among

each NRO family. These variations in pest populations are apparently due to tree size
and other factors, such as the tree's original elevation and acorn production. These
influences indicate that a genetic effect does exist between the trees and their pest

populations. Based on the results of these genetic comparisons, NRO Family #200
proved to be the least susceptible to the pests studied and a good acom producer.

This research emphasizes the tremendous diversity of insect species in the

canopy of a NRO seed orchard in Tennessee. Although this high insect diversity
exists in the seed orchard, only a small number (ca. 8%)of insect species have a

negative impact on the growth or reproductive development of the trees. Differences

in insect pest densities were detected among the NRO families, suggesting that NRO
genetics influence pest populations. Further research should be conducted to
determine how NRO genetics influence these populations and how AOW and P.
vittata infestations affect the trees.
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Table Al. Parameters for each northem red oak (NRO) tree studied at the Watauga
northern red oak seed orchard in 1992 and 1993.'
NRO

Block

dbh'

Total Height
(m)

Live Crown Ratio

Crown Class^

(%)

Family

#

(cm)

200

1

19.1

10.1

80.3

Co

2

23.9

10.1

78.8

Co

6

22.9

11.3

75.7

Co

8

24.1

10.7

71.4

Dom

1

14.0

9.8

84.4

Co

3

24.4

7.9

76.9

Co

4

17.8

7.6

68.0

Co

7

15.2

10.1

78.8

Dom

500

553

600

885

4

__4
—

~

~

6

15.2

10.1

75.6

Co

7

12.5

11.3

85.1

Dom

8

15.8

7.3

75.0

Co

2

25.4

13.7

84.4

Co

3

24.1

12.2

80.0

Co

4

19.8

9.1

80.0

Co

7

10.2

4.6

66.7

Co

3

20.3

9.8

75.0

Co

4

—

~

~

~

6

32.5

15.2

82.0

Dom

8

17.3

9.1

76.7

Co

'Data collected on July 27, 1994.
^dbh = diameter at breast height.
^Dom - Dominant, Co = Codominant.
^These trees were removed from the orchard before 7/27/94.
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Table A2. Partial listing of identified insect taxa collected at the Watauga northern
red oak seed orchard in 1992 and 1993 (as of 12/1/94).
Order

Family

Genus

Species

Blattaria

Blattellidae

Parcoblatta

sp.

Coleoptera

Brentidae

Arrhenodes

minutus

Buprestidae

Agrilus

sp.

Brachys

ovatus

Dicerca

sp.

Byrrhidae

—

~

Cantharis

sp.

Chauliognathus

pennsylvanicus

Galeritula

bicolor

Pterostichus

sp.

Cerambycidae

Megacyllene

robiniae

Chrysomelidae

Acalymma

vittatum

Baliosus

ruber

Diabrotica

undecimpunctata

Cantharidae

Carabidae

howardi

Cicindelidae

Leptinotarsa

decemlineata

Odontota

dorsalis

--

—

Chilocorus

stigma

Epilachna

varivestis

Harmonia

sp.

Curculio

sp.

Cyrtepistomus

castaneus

Coccinellidae

Curculionidae
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Table A2. (Continued)
Order

Family

Coleoptera

Dermestidae
Elateridae

Lampyridae

Lycidae
Meloidae

~

~

Species

—

~

Ellychnia

sp.

Photinus

sp.

Photuris

pennsylvanicus

Calopteron

reticulatum

~

—

Phalacridae

Phalacnis

politus

Scarabaeidae

Copris

minutus

Cotinis

nitida

Euphoria

sp.

Popillia

japonica

Phyllophaga

sp.

Vulgus

canaliculatus

Scolytidae

Staphylinidae
Tenebrionidae

Diptera

Genus

Agromyzidae
Anisopodidae
Asilidae
Bibionidae

Calliphoridae
Cecidomyiidae

—

—

—

—

—

~

—

—

~

~

~

—

~

~

—

~

~
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Table A2. (Continued)
Order

Family

Diptera

Chironomidae

Chloropidae

Genus

Species

Elachiptera

costata

Chalarus

spunus

Metasyrphus

sp.

Culicidae

Dolichopodidae
Drosophilidae

Empididae
Ephydridae
Lauxaniidae
Muscidae

Mycetophilidae
Phoridae

Pipunculidae
Sarcophagidae
Sciaridae

Sphaeroceridae
Stratiomyidae

Syrphidae
Tachinidae

Tephritidae
Tipulidae

Ephemeroptera
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Table A2. (Continued)
Order

Family

Genus

Species

Hemiptera

Berytidae

Jalysus

wickhami

Coreidae
Corixidae
Gerridae

Lygaeidae

Miridae
Notonectidae

—

—

—

—

—

Geocoris

sp.

Myodocha

serripes

Lygus

lineolaris

—

—

Nezara

viridula

Podisus

maculiventris

Reduviidae

Arilus

cristatus

Thyreocoridae

Allocoris

sp.

Pentatomidae

Homoptera

—

Aleyrodidae
Aphididae

Cercopidae
Cicadellidae
Cicadidae
Flatidae

Fulgoridae
Membracidae

—

—

—

—

Tibicen
—

—

—

—

—

~

pruinosa
—

—

Archasia

sp.

Cyrtolobus

benestratus

Cyrtolobus

ivemis

Enchenopa

binctata
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Table A2. (Continued)
Order

Family

Genus

Species

Homoptera

Membracidae

Glossonotus

acuminatus

Glossonotus

unillztus

Helena

sp.

Microcentrus

cargna/peredutus?

Ophidenna

evelyms

Ophiderma

flavicephala

Hymenoptera

Platycotis

vittata

Smilia

camelus

Telamona

sp.

Dolichovespula

maculata

Braconidae
Chalcidae

Cynipidae
Eucoilidae

Eulophidae
Formicidae
Ichneumonidae

Megaspilidae
Mutillidae
Pteromalidae

Tenthredinidae

Tiphiidae
Vespidae
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Table A2. (Continued)
Order

Family

Lepidoptera

Geometridae
Noctuidae
Tortricidae

Genus

Species

~

~

~

~

—

—

Yponomeutidae

Atteva

sp.

Mecoptera

Panorpidae

Panorpa

sp.

Neuroptera

Chrysopidae

Chrysopa

sp.

Hemerobiidae

Orthoptera

—

—

Acrididae

—

Gryllacrididae

Camptonotus

carolinensis

Grllidae

Oecanthus

fultoni

Phyllopalpus

pulchellus

Tetrigidae

Tettigoniidae

Phasmida

Heteronemiidae

Psocoptera

Psocidae

—

—

~

Microcentrum

sp.

Pterophylla

sp.

Scudderia

sp.

Diapheromera

—
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femorata

—

Table A2. (Continued)

Order

Family

Thysanoptera

Phlaeothripidae

Genus

Thripidae

Trichoptera
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Species
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